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(54) Silicon on insulator substrate and method of manufacturing the same 



(57) A semiconductor substrate has a support sub- 
strate formed of monocrystal silicon, an oxidef ilm formed 
on the support substrate and a thin film of monocrystal 
silicon formed on the oxide film. The support substrate 
is a high-concentration P-type substrate to which boron 
is so doped that a resistivity of the support base is 0.1 
CLcm or less. In manufacturing: boron is into the support 
base so that a resistivity of the support base is 0.1 £lcm 
or less; a silicon substrate on which the thin film of 



monocrystal silicon is formed is heated at 1100*^0 or 
higher for 30 min or longer within a reducing atmosphere; 
the heat treated silicon substrate is attached to the high- 
concentration P-type support substrate via the oxide film 
formed on a surface of any one of the sipport substrate 
and the P-type silicon substrate and the attached sub- 
strates are heated at 950°C or higher for 1 0 min or longer 
to bond the attached substrates together; and the 
bonded silicon substrate is thinned. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor s 
substrate and a method of manufacturing the semicon- 
ductor substrate, and more specifically to a SOI (Silicon 
On Insulator) substrate and a method of manufacturing 
the SOI substrate. 

Conventionally, there have been so far known such io 
a semiconductor substrate that a thin monocrystal silicon 
film is formed on a silicon substrate via an insulating film, 
which is referred to as a SOI substrate. The SOI sub- 
strate has various features as follows: 

Where an ordinary silicon substrate (not the SOI) Is is 
used, there exists such a tendency that short channel 
effect as to a MOS transistor is easily produced with the 
advance of the microminiaturization and higher integra- 
tion of a semiconductor device. As one of the methods 
of preventing the occurrence of the short channel effect 20 
of the MOS transistor. It Is effective to increase the 
dopant impurity concentration at a device forming region 
on the substrate surface. However, in the conventional 
technique for introducing dopant impurities into an ordi- 
nary silicon substrate in accordance with Ion implanta- 2S 
tion, where a microminiaturized device whose gate 
length Is as small as 0.25^m or less is required to be 
formed, since the dopant Impurity concentration cannot 
be controlled sufficiently, it is difficult to control the 
threshold voltage of the MOS transistor. In contrast with 30 
this, in the cafe of the SOI substrate, since a perfect 
depletion can be realized at the channel portion of the 
MOS transistor, It is possible to easily prevent the short 
channel effect of the MOS transistor. 

Further, in the case of the SOI substrate, since a par- 35 
asltic capacitance inevitably produced at the source- 
drain diffusion layer can be reduced, it is possible to 
increase the operational speed of the MOS transistor. 

In addition, when the SOI substrate is used, since 
there exists such a possibility that the device structure 40 
and the device manufacturing process can be both sim- 
plified, the semiconductor technique dependent upon 
the SOI substrate has been noticed more and more 
recently from this point of view. 

As af irst method of manufacturing the SOI substrate 4S 
as described above, there exists a method as follows: 
two monocrystal silicon substrates are bonded to each 
other. In more detail, an insulating film (e.g.. a silicon 
oxide film) Is formed on one surface of one of the monoc- 
rystal silicon substrates, and the other of the monocrystal so 
silicon substrates is bonded to this formed insulating film. 
Further, an outer surface (a surface not the bonded sur- 
face) of one of the two monocrystal silicon substrates Is 
polished down to a thin film. After that, the polished sur- 
face is further dry-etched for ptanarlzation. 55 

Further, as a second method of manufacturing the 
SOI substrate, there exists a method as follows: after an 
insulating film has been formed on a monocrystal silicon 
substrate, an amorphous silicon layer Is further formed 



on the formed insulating film. Further, the formed amor- 
phous silicon layer Is once melted with a laser, for 
instance so that another monocrystal silicon layer can be 
formed by recrystalllzation. 

In addition, as a third method of manufacturing the 
SOI substrate, there exists a method called Separation 
by Implanted Oxygen (SIMOX) as follows: after oxygen 
Ions have been Implanted onto a monocrystal silicon 
substrate at a high concentration, a buried oxide film is 
formed by thermal oxidation to obtain both an Insulating 
layer and a monocrystal silicon layer. 

However, the SOI substrate manufactured in accord- 
ance with the above-mentioned conventional methods 
as described above involve the following drawbacks: 

(1) When the above-mentioned SOI substrate Is 
used, it is preferable to add a step of gettering con- 
tamlnative Impurities during the process of manufac- 
turing the device. Accordingly, various methods 
have been so far proposed as follows: a first method 
is called Intrinsic Gettering (IG) In which oxygen pre- 
cipitate is formed inside a monocrystal silicon sub- 
strate to reduce the metallic contaminant at a device 
forming region by allowing the formed oxygen pre- 
cipitate to trap metallic contaminant); and a second 
method Is called Backside Poly Sealing (BSP) in 
which a poly silicon layer is formed on a reverse sur- 
face of the substrate to reduce the metallic contam- 
inant at an element forming region by allowing the 
formed poly silicon layer to trap metallic contami- 
nant. 

In the above-mentioned methods, however, 
since the gettering step is additionally required, 
there exits, problems in that the number of manufac- 
turing steps increases and thereby the manufactur- 
ing cost Inevitably rises. 

Further, In the case of the above-mentioned !G 
method and the BSP method, since the gettering 
performance is largely dependerrt upon the crystal 
defect density (Bulk Micro Defect density) induced 
by oxygen In the substrate and further the film thick- 
ness and the crystal characteristics of the polysiltcon 
film formed on the reverse surface of the substrate, 
there exists such a problem in that a stable gettering 
performance can not be always obtained. 

(2) Further. In the case of the method of bonding two 
monocrystal silicon substrates, a thermal treatment 
is necessary to bond two monocrystal silicon sub- 
strates to each other, in this heat treatment process, 
however, since crystal defect (such as oxygen pre- 
cipitate) is often formed on the surface of the sub- 
strate, defective devices are often manufactured. 
Further, in the case of the method of bonding two 
monocrystal silicon substrates to each other, If the 
oxygen concentration In the thin monocrystal silicon 
layer is high, since thermal donors are produced 
from the oxygen in the thin rrwnocrystal silicon layer 
during the bonding process of the two monocrystal 
silicon substrates, the defective devices are manu- 
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factured due to fluctuations in resistivity or due to 
crystal defect. 

On the other hand, in order to eliminate the 
drawbacks as described above, it may be consid- 
ered to previously heat-treat the monocrystal silicon 
substrate (on which the device is formed) under non- 
oxidation condition prior to the bonding process. 
When the non-oxidation heat treatment is effected, 
although the crystal defect can be eliminated almost 
perfectly, however, since the dopant impurities are 
also diffused outward due to the non-oxidation heat 
treatment, there arises another problem in that the 
dopant impurity concentration in the thin monocrys- 
tal silicon film is reduced. 

(3) On the other hand, even in the case of the meth- 
ods of forming a monocrystal silicon layer on the 
basis of the re-crystallization after melting with a 
laser and the SIMOX method, since it is difficult to 
eliminate the defect in the thin monocrystal silicon 
layer, the practical SOI substrate cannot be so far 
obtained. 

SUMMARY OF THE INVENTION 

With these problems in mind, therefore, it is the 
object of the present invention to provide a semiconduc- 
tor substrate which is high in quality, excellent in the get- 
tering performance, and free from the thermal donors 
and crystal defect. 

Further, another object of the present invention is to 
provide a method of manufacturing the semiconductor 
substrate without adding any complicated steps and 
without reducing the dopant impurities concentration. 

To achieve the above-mentioned object, the present 
invention provides a semiconductor stdDstrate compris- 
ing: a support substrate formed of monocrystal silicon; 
an oxide film formed on the support substrate; and a thin 
film of monocrystal silicon formed on the oxide film, 
wherein the support substrate is a high-concentration P- 
type substrate to which boron is so doped that a resis- 
tivity of the support base is 0.1 £^cm or less. 

It is preferable that oxygen concentration of the thin 
film is 5 X 1 0''^ cm"3 or less. 

To achieve the above-mentioned object, the present 
invention provides a method of manufacturing a semi- 
conductor substrate having a support substrate formed 
of boron-doped high-concentration P-type monocrystal 
silicon, an oxide film formed on the support substrate, 
and a thin film of monocrystal silicon formed on the oxide 
film, comprising: doping boron into the support base so 
that a resistivity of the support base is 0.1 a.cm or less; 
heat treating a silicon substrate on which the thin film of 
monocrystal silicon is formed at 1 1 00**C or higher for 30 
min or longer within a reducing atmosphere; attaching 
the heat treated silicon substrate to the high-concentra- 
tion P-type support substrate via the oxide film formed 
on a surface of any one of the support substrate and the 
P-type silicon substrate and heat treating the attached 
substrates at SSO^C or higher for 1 0 min or longer to bond 
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the attached substrates together; and thinning the 
bonded silicon substrate. 

It is preferable that the oxide film with a thickness 
from 10 nm or more to 5 fim or less is formed on the 
5 support substrate or the silicon substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view showing the structure 
w of a semiconductor substrate for comparison 
between the present invention and prior art; 
Fig. 2 IS a graphical representation showing the rela- 
tionship between the resistivity and the defect rate 
of a probe test of 64-M DRAMS according to the 
75 present invention; and 

Fig. 3 is a graphical representation showing the dis- 
persion due to manufacturing of the threshold volt- 
age of various substrates in comparison between 
the present invention and prior art. 

20 

DETAILEP DEgQRIPTION OF THE PREFERRED 
^MPQPIMENTg 

The embodiments of the semiconductor substrate 
25 according to the present invention will be described here- 
inbelow. 

First, a semiconductor substrate according to the 
present invention and a prior art semiconductor sub- 
strate were both manufactured. The layer structure of 

30 each of these semiconductor substrates was formed by 
a monocrystal silicon support substrate 11 , an oxide film 
12 formed on the support substrate 11. and a thin 
monocrystal silicon film 13 formed on the oxide film 12. 
In a first embodiment of the semiconductor substrate 

35 according to the present invention, a P"-type (boron- 
doped) monocrystal silicon substrate with a resistivity of 
Psub = 0.05 acm was used as the support substrate 1 1 ; 
a thermal oxide film Si02 with a film thickness of 1 M-m 
was used as the oxide film 12; and a P-type (boron- 

40 doped) monocrystal silicon with a film thickness of 0.1 
^m. a resistivity of p = 10 n.cm. and an oxygen concen- 
tration of [Oi] = 13.5 X 10''7 cm~3 was used as the thin 
monocrystal silicon film 1 3. 

The first embodiment of the semiconductor sub- 

45 strata as described above was manufactured as follows: 
First, the support substrate 1 1 was thermal-oxidized 
to form the oxide film 1 2. The support substrate 1 1 was 
bonded with a silicon substrate (on which the thin monoc- 
rystal silicon film 13 was to be formed) , and further heat- 

50 treated at 1000*^0 for 30 min within a nitrogen atmos- 
phere to bond the two substrates. 

Further, the reverse surface (not the bonded sur- 
face) of the silicon substrate (on which the thin monoc- 
rystal silicon film 1 3 was to be formed) was polished, and 

55 then the surface thereof was planarized by dry etching. 
After that, the surtece thereof was further planarized 
through a touch mirror processing to form the thin 
monocrystal silicon film 13. As a result, the first embod- 
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iment of the semiconductor substrate according to the 
present invention was obtained. 

Further, as the crystal growing method of the 
monocrystal silicon substrates of the two sorts, the CZ 
(Czochralski) method was adopted for both. s 

In a second embodiment of the semiconductor sub- 
strate according to the present invention, a P*-type 
(boron-doped) monocrystal silicon substrate with a 
resistivity of psu^ = 0 05 CIctd was used as the support 
substrate 1 1 ; a thermal oxide film Si02 with a film thick- io 
ness of 1 ^im was used as the oxide film 1 2; and a P-type 
(boron-doped) monocrystal silicon with a film thickness 
of 0.1 \im, a resistivity of p = 10 acm, and an oxygen 
concentration of [Oi] = 3 x 10^7 cm"3 (different from that 
of the first embodiment) was used as the thin monocrys- is 
tal silicon film 13. Here, the second embodiment of the 
semiconductor substrate as described above was man- 
ufactured in the same way as with the case of the first 
embodiment. Further, as the crystal growing method of 
the monocrystal silicon substrates of the two sorts, the 20 
CZ (Czochralski) method or the MCZ (magnetic Czo- 
chralski") method was adopted for both. 

In a third emkx>diment of the semiconductor sub- 
strate according to the present invention, a P*-type 
(boron-doped) monocrystal silicon substrate with a 25 
resistivity of pgub = 0.05 Clem was used as the support 
substrate 1 1 ; a thermal oxide film Si02 with a film thick- 
ness of 50 nm (different from that of the first and second 
embodiments) was used as the oxide film 12; and a P- 
type (boron-doped) monocrystal silicon with a film thick- 30 
ness of 0.1 fim. a resistivity of p = 10 £lcm, and an oxy- 
gen concentration of [Oi] = 13.5 x 1017 cm~3 was used 
as the thin monocrystal silicon film 13. The reason why 
the film thickness of the oxide film 1 2 was formed smaller 
as compared with the case of the first and second 35 
embodiments was to confirm that even if the oxide film 
thickness was reduced, sufficient electric insulating 
characteristics could be obtained in practice, as far as 
the film thickness lay within a predetermined range (from 
10nmto5fim). 40 

The third embodiment of the semiconductor sub- 
strate as described above was manufactured as follows: 
First, the support substrate 1 1 was thermal -oxidized 
to form the oxide film 12. A silicon substrate (on which 
the thin monocrystal silicon film 13 was to be formed) 45 
was heat-treated at 1200*C for 60 min within a hydrogen 
atmosphere H2 (non-oxidation heat-treatment for crystal 
defect elimination). 

After that, the support substrate 1 1 was attached to 
the silicon substrate (on which the thin monocrystal sili- so 
con film 13 was to be formed), and further heat-treated 
at lOOO^C for 30 min within a nitrogen atmosphere to 
bond the two substrates. 

Lastly, the reverse surface (not the bonded surface) 
of the silicon substrate (on which the thin monocrystal ss 
silicon film 13 was to be formed) was polished, and then 
the surface thereof was planarized by dry etching. After 
that, the surface thereof was further planarized through 
the touch mirror processing to form the thin monocrystal 
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silicon film 13. As a result, the third embodiment of the 
semiconductor substrate was obtained. 

Further, as the crystal growing method of the 
monocrystal silicon substrates of the two sorts, the CZ 
(Czochralski) method was adopted for both. 

As a first prior art semiconductor substrate, a P-type 
(boron-doped) monocrystal silicon substrate with a 
resistivity of pg^b = 10 ncm (different from that of the 
above-mentioned embodiments) was used as the sup- 
port substrate 11; a thermal oxide film Si02 with a film 
thickness of 1 |uim was used as the oxide film 12; and a 
P-type (boron-doped) monocrystal silicon with a film 
thickness of 0.1 ^m. a resistivity of p = 10 ilcm. and an 
oxygen concentration of [Oi] = 13.5 x 10^7 cm~3 was 
used as the thin monocrystal silicon film 13. 

The first prior art semiconductor substrate as 
described above was manufactured in the same way as 
with the case of the first embodiment. Further, as the 
crystal growing method of the monocrystal silicon sub- 
strates of the two sorts, the CZ (Czochralski) method was 
adopted for both. 

As a second prior art semiconductor substrate, a P- 
type (boron-doped) monocrystal silicon substrate with a 
resistivity of p^ub = 10 £lcm (different from that of the 
embodiments) was used as the support substrate 1 1 ; a 
thermal oxide film Si02 with a film thickness of 50 nm 
(different from that of the first prior art) was used as the 
oxide film 12; and a P-type (boron-doped) monocrystal 
silicon with a film thickness of 0.1 ^Jim, a resistivity of p = 
10 Qcm, and an oxygen concentration of [Oi] = 13.5 x 
lO'i^ cm"3 was used as the thin monocrystal silicon film 
13. 

Further, as the crystal growing method of the 
monocrystal silicon substrates of the two sorts, the CZ 
(Czochralski) method was adopted for both. 

The second prior art semiconductor substrate as 
described above was manufactured as follows: 

First, the support substrate 1 1 was thermal-oxi- 
dized to form the oxide film 12. The silicon substrate (on 
which the thin monocrystal silicon film 13 was to be 
formed) was heat-treated at 1200*'C for 60 min within a 
hydrogen atmosphere H2 (non-oxidation heat-treatment 
for crystal defect elimination). 

After that, the support substrate 1 1 was attached to 
the silicon substrate (on which the thin monocrystal sili- 
con film 13 was to be formed), and further heat-treated 
at 1000**C for 30 min within a nitrogen atmosphere to 
bond the two substrates. 

Lastly, the reverse surface (not the bonded surface) 
of the silicon substrate (on which the thin monocrystal 
silicon film 13 was to be formed) was polished, and then 
the surface thereof v^^s planarized by dry etching. After 
that, the surface thereof was further planarized through 
the touch min-or processing to form the thin monocrystal 
silicon film 13. As a result, the second prior art semicon- 
ductor substrate was obtained. 

The evaluation results of the first, second and third 
embodiment semiconductor substrates and the first and 
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second prior art semiconductor substrates manufac- 
tured as described above will be explained hereinbeiow. 

First, the comparison results of the first and second 
embodiment substrates with the first prior art semicon- 
ductor substrate will be explained. As already explained, 
the first embodiment substrate is different from the first 
prior art substrate in that the resistivity Psub of high-con- 
centration boron-doped support substrate 1 1 is reduced 
in the first and second embodiments (the embodiment: 
P8ub=0 05 ilcm; the prior art: Psub='*0 iicm). Further, 
the second embodiment substrate is different from the 
first prior art substrate in that the resistivity psub high- 
concentration boron-doped support substrate 11 is 
reduced in the second embodiment (the embodiment: 
Psub=0.05 Clem; the prior art: Psub^^O Clem) and further 
in that the oxygen concentration of the thin film 13 is 
reduced in the second embodiment (the embodiment: 
[Oi]=3 X 1017 cm"3: the prior art: [Oi]=13.5 x 1017 cm"3). 

By using the semiconductor substrates of the first 
and second embodiments and of the f irst prior art, 64-M 
DRAM (Dynamic Random Access Memory) were man- 
ufactured for probe testing these 64-M DRAMs. As the 
test results, the production yield of the semiconductor 
substrates of the first embodiment is five percent higher 
than that of the first prior art. The test results of the Inven- 
tors are shown in Fig. 2. which indicates the relationship 
between the resistivity (which depends upon boron dop- 
ing rate) and the defect rate (an inverse number of the 
yield) of the high-concentration boron-doped P-type 
monocrystal silicon support substrate 1 1 . 

Further, with respect to the first and second errtbod- 
iment substrates and the first prior art substrate, the 
defect category and the crystal defect on the substrate 
surface were evaluated. In the case of the first prior art 
substrate, crystal defect such as OSF (Oxidation 
induced Stacking Fault) was seen on a part of the sub- 
strate surface. In addition. PN junction leakage defect 
was also confirmed. In the case of the first and second 
embodiment substrates, on the other hand, no crystal 
defect was seen on each of the substrate surfaces. In 
addition, the PN junction leakage defect was not also 
confirmed. This may be due to the fact that in the case 
of the first and second embodiment substrates, since the 
support substrate each containing high-concentration 
boron was used, contaminant produced during the 
device manufacturing process could be removed due to 
the gettering effect of boron, with the result that it is pos- 
sible to prevent the occurrence of the crystal defect 
caused by the contamination during the manufacturing 
process. 

With respect to the gettering effect, a P-type (boron- 
doped) monocrystal silicon substrate with a resistivity of 
Psub= 1 to 10 Clem, like the first prior art substrate, has 
been used as the support substrate. Because it has been 
believed that a thick oxide film embedded in a SOI sub- 
strate would prevent impurities on the surface of the SOI 
substrate from dispersing into the support substrate, 
even a high-concentration boron-doped silicon substrate 
is used, hence resulting in less gettering performance. 



Contrary to this, as described with respect to the first 
embodiment substrate, according to the present inven- 
tion, high gettering performance could be observed due 
to the employment of the P-type (high-concentration 

5 boron-doped) monocrystal silicon substrate with the 
resistivity of Pst,b= 0 05 Clem, The present invention is 
accomplished under the advance of the microminiaturi- 
zation and higher integration of semiconductor devices 
that are easily affected by gettering. 

10 Further, in the case of the first embodiment sub- 
strate, the probe yield was slightly reduced, as compared 
with that of the second embodiment substrate. This is 
because in the case of the first embodiment, thermal 
donors were produced due to the influence of oxygen 

75 solidified in the thin silicon film, so that the threshold 
value fluctuated slightly. In addition, the crystal defect 
probably caused by the thermal donors was also found, 
and thereby this also caused the yield to be reduced. 
Further, with respect to the first and second embod- 

20 iment substrates and the first prior art substrate, each of 
these substrates was contaminated forcibly by use of Fe 
of 1 01 2 atoms/cm2. After each substrate was heat treated 
appropriately, Fe distribution from the substrate surface 
in the depth direction was evaluated, respectively As a 

25 result, in the case of the first prior art substrate, Fe seg- 
regation was found at an interface between the support 
substrate 1 1 and the oxide film 1 2 and another interface 
between the oxide film 1 2 and the thin film 1 3. In addition, 
Fe was detected in the support substrate 1 1 or in the thin 

30 film 13. Further, the OSF (Oxidation induced Stacking 
Fault) was generated at a part of the substrate surface. 
In the first and second embodiment substrates, on the 
other hand, although a great amount of Fe was detected 
in the support substrate 1 1 , Fe was not detected in the 

35 thin film 13 (below a detectable limit). Further, no OSF 
was found on the substrate surface. This may be due to 
the fact that in the case of the first and second embodi- 
ment substrates, Fe was removed due to the gettering 
effect by high-concentration boron, with the result that it 

40 is possible to prevent the occurrence of crystal defect in 
the thin film 13. 

The comparison results between the third embodi- 
ment substrate and the second prior art substrate will be 
explained. As already explained, the third embodiment 

45 substrate is different from the second prior art substrate 
in that the resistivity pgub <^ high-concentration boron- 
doped support substrate 11 is reduced in the third 
embodiment (the embodiment: Psub=0-05 Clem: the prior 
art: Psub=''0 ^cm). In addition, the third embodiment 

so substrate is different from the first and second embodi- 
ment substrates in the heat treatment conditions during 
the manufacturing process (the non-oxidation heat treat- 
ment at 1200*C for 60 min). 

Further, by using the third embodiment substrate 

55 and the second prior art substrate. 64-M DRAM 
(Dynamic Random Access Memory) were manufactured 
for probe testing these 64-M DRAMs. As the test results, 
the production yield of the third embodiment substrate 
was higher by 10% than that of the first prior substrate. 
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Further, the defect category was checked. In the 
case of the second prior art substrates, the threshold 
value VjH deviated largely from a design value and also 
the distribution (dispersion) width thereof was also large. 
In the case of the third embodiment substrates, however, 5 
the threshold value Vjh roughly matched a design value 
and also the distribution width thereof was small, as 
shown in Fig. 3. 

To examine the reason of the above, the resistivities 
of the thin films 1 3 of the third embodiment substrate and 10 
the second prior art substrate were measured, respec- 
tively. The measured results indicated that in the case of 
the third embodiment substrate, the resistivity of the thin 
film 13 was roughly equal to that of the silicon substrate 
measured before the thin film 13 was formed. On the is 
other hand, in the case of the second prior art substrate, 
the resistivity of the thin film 1 3 was three times or more 
higher than that of the silicon substrate measured before 
the thin film 13 was formed. In addition, the distribution 
width of the resistivity was large. In other words: in the 20 
second prior art substrate, the dopant impurities are dif- 
fused outward due to the high-temperature non-oxida- 
tion heat treatment, so that the resistivity increases and 
thereby the threshold voltage Vth also increases. In con- 
trast with this, in the third embodiment substrate, 25 
although the dopant inpurities are diffused outward, 
since dopant impurities are supplied from the support 
substrate 1 1 to the thin film 13 by the heat treatment in 
the bonding process effected thereafter, the resistivity is 
not increased, so that the threshold voltage V^h does not 30 
change. Here, the reason why the dopant impurities are 
diffused from the support substrate 1 1 to the thin film 13 
in the third embodiment substrate is that the dopant con- 
centration of the support substrate 1 1 is high and further 
the second heat treatment is effected. 35 

Further, as shown In Rg. 3. In the case of the second 
prior art si±)strate, the distribution of the threshold value 
is large. Once the threshold value disperses, it is difficult 
to correct the distribution width during the manufacturing 
process by ion implantation, for instance. In contrast with 40 
this. In the case of the third embodiment substrate, it is 
possible to reduce the distribution width of the threshold 
voltage, as shown in Fig. 3. 

Further, with respect to the third embodiment sub- 
strate and the second prior art substrate, the defect cat- 45 
egory and the crystal defect on the substrate surface 
were evaluated. In the case of the second prior art sub- 
strate, crystal defect was seen on the surface of a part 
of the substrates. In addition, PN junction leakage defect 
was also confirmed. In the case of the third embodiment so 
substrate, on the other hand, crystal defect was not seen 
on the surface of the substrates. In addition, the PN junc- 
tion leakage defect was not also confirmed. This may be 
due to the fact that in the case of the third embodiment 
substrate, since the support substrate each containing ss 
high concentration boron is used in the same way as with 
the case of the first and second errtoodiments, contam- 
inant produced during the device manufacturing process 
can be removed due to the gettering effect by boron, with 
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the result that it is possible to prevent the occurrence of 
the crystal defect caused by the contamination during the 
manufacturing process. As described above, in the third 
embodiment substrate, since the resistivity Ps^b of the 
support substrate 1 1 is reduced by doping high-concen- 
tration boron (Psub=0 05 ilcm) in the same way as with 
the case of the first and second embodiment substrates, 
it is possible to obtain the effect of the first embodiment 
in addition to the effect of the second embodiment. 

The comparison results between the first and sec- 
ond embodiments and the third embodiment will be 
explained hereinbelow. 

With respect to the probe test, the yield of the third 
embodiment is 5% higher than that of the first and sec- 
ond embodiment substrates. Further, with respect to the 
fault category, the PN junction leakage defect and the 
gate oxide film defect of the third embodiment substrate 
can be further reduced, as compared with those of the 
first and second embodiment substrates. This is 
because since the third embodiment substrate is proc- 
essed through the high-temperature non-oxidation heat 
treatment, the crystal defect and the thermal donors in 
the thin film 13 can be eliminated roughly perfectly, with 
the result that it is possible to reduce the PN junction 
leakage due to the crystal defect such as OSF, the gate 
oxide film defect due to the crystal defect such as BMD, 
or the threshold voltage deviation due to the thermal 
donors. 

As described above, in the first, second and third 
embodiment substrates according to the present inven- 
tion, it is possible to provide the semiconductor substrate 
excellent in gettering performance and free from the ther- 
mal donors and crystal defect. In addition, it is possible 
to manufacture the semiconductor substrate as 
described above without reducing the dopant impurity 
concentration. 

Further, since the gettering performance can be 
improved without adding the complicated gettering proc- 
ess to the conventional manufacturing process, an 
increase in the manufacturing cost can be suppressed. 

Further, since the high concentration P-type sub- 
strate is used, it is unnecessary to add the heat treatment 
process as required when the IG substrate is used or the 
CVD process as required when the BSP substrate is 
used, so that the process of manufacturing semiconduc- 
tor substrates can be further simplified. 

Further, in the respective embodiments as 
described above, although the resistivity of the support 
substrate is determined to be pgub - 0.05 acm. it is pos- 
sible to obtain the same effect as with the case of the first 
en*)odiment, as far as Pg^jt, is 0.1 Clem or less, on the 
basis of the measurement results of the defect ratio In 
the probe test as shown in Fig. 2. 

Further, in the second embodiment, although the 
oxygen concentration of the thin film 13 is determined to 
be [00=3 X 1 017 cm"3. the inventors' test results indicate 
that it is possible to prevent the occurrence of thermal 
donors as far as the oxygen concentration Is suppress 
less than [Oi]= 5 x 1017 cm"3. Further, in order to obtain 
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the thin film 13 whose oxygen concentration is less than 
[Oi]= 5 X 1017 cm"3, the monocrystal silicon substrate 
whose oxygen concentration is less than [Oi]= 5 x lO^^ 
cm"3 is used, or the monocrystal silicon substrate is heat 
treated at a high temperature within a reducing atmos- 
phere. 

Further, as the oxide film 12 (the Insulating film of 
the SOI substrate), it is desirable to use SIO2 film. Fur- 
ther, the film thickness is preferably 10 nm or more but 5 
fim or less. If the film thickness is less than 1 0 nm. elec- 
trical insulating defect occurs, and if more than 5 ^m, the 
semiconductor substrate is warped (bent) excessively 
out of practical use. 

On the other hand, it is desirable to determine the 
thickness of the thin film 13 between 10 nm or more and 

10 ^m or less. If less than 10 nm, the thin silicon film 
disappears due to oxidation or oxide film etching effected 
during the device manufacturing process, and If more 
than 10 |im. boron supplied from the support substrate 

1 1 cannot diffuse to the surface of the thin film 13. 

Further, in the third embodiment substrate, the high- 
temperature non-oxidation heat treatment (the first heat 
treatment for crystal defect elimination) is determined as 
at 1 200 *C for 60 min. However, this heat treatment must 
be at least 1 lOO'^C or higher and 30 mIn or longer. If the 
above-mentioned heat treatment conditions are not sat- 
isfied, oxygen cannot be sufficiently diffused outward, so 
that it Is impossible to prevent the occurrence of the crys- 
tal defect and the thermal donors. Further, in the third 
embodiment, although the high-temperature non-oxida- 
tion heat treatment is effected within the hydrogen H2 
atmosphere, another gas such as CO. CO2, Ar, He. Ne, 
Kr, Xe, etc. and a mixture gas of these can be also used. 

In the third embodiment substrate, the heat treat- 
ment (the second heat treatment for substrate bonding) 
Is determined as at 1000*'C for 30 mIn. However, as far 
as the conditions are at least 950**C or higher and 1 0 min 
or longer, it is possible to obtain the effect of the present 
invention when the resistivity of the thin film 13 ranges 
between 0.1 and 100 £lcm. In this case, however, it is 
necessary to change the resistivity of the support sub- 
strate 1 1 , the film thickness of the oxide film 12, and the 
temperature and the time of the heat treatment, accord- 
ing to the resistivity of the thin film 13. 

Further, in the third embodiment, the second heat 
treatment for substrate bonding and for supplying the 
dopant impurities from the support substrate 1 1 to the 
thin film 13 can be divided into two steps. However, it is 
preferable to effect both the heat treatments at the same 
time successively as the same process, from the stand- 
point of manufacturing simplification. 

Further, in the first to third embodiments, although 
the thin film 13 is formed by use of the P-type substrate 
grown in accordance with the C2 method, without being 
limited only thereto, It is of course possible to use the N- 
type or l-type substrate grown in accordance with FZ 
(Floating zone) method, MCZ (Magnetic Czochralski) 
method, CCZ (Continuous Czochralski) method, DLCZ 
(Double Layered Czochralski) method, etc. 



Further. In the first to third embodiments, although 
the resistivity of the thin monocrystal silicon film 13 is 
determined to be 10 £Icm. the similar effect of the 
present invention can be also obtained in a range from 

5 O.ltolOOacm. 

Further, in the first to third embodiments, although 
the oxide film 12 is formed on the substrate for the sup- 
port sut)Strate 1 1 . the oxide film 12 can be formed on the 
substrate either for the thin film 13 or the support sub- 

10 strate 11 or on the both substrates. 

As described above, in the semiconductor substrate 
according to the present invention, It Is possible to pro- 
vide the semiconductor device excellent in gettering per- 
formance and free from the thermal donors and crystal 

15 defect, and further to provide the method of manufactur- 
ing a semiconductor substrate without adding any com- 
plicated process and without reducing the dopant 
impurity concentration. 

Further, according to the semiconductor substrate 

20 of the present Invention, it is possible to manufacture 
DRAMs which can reduce the PN junction leakage 
defect and the threshold voltage dispersion. 

Claims 

25 

1 . A semiconductor substrate comprising: 

a support substrate formed of monocrystal 

silicon; 

an oxide film formed on the support sub- 
30 Strate; and 

a thin film of monocrystal silicon formed on 
the oxide film, 

wherein the support substrate is a high-con- 
centration P-type substrate to which boron Is so 
35 doped that a resistivity of the support base is 0.1 
acm or less. 

2. The semiconductor substrate of claim 1, wherein 
oxygen concentration of the thin film is 5 x 1 0^ 7 cm"3 

40 or less. 

3. A method of manufacturing a semiconductor sub- 
strate having a support substrate formed of boron- 
doped high-concentration P-type monocrystal sili- 

45 con. an oxide film formed on the support substrate, 
and a thin film of monocrystal silicon formed on the 
oxide film, comprising: 

doping boron into the support base so that a 
resistivity of the support base is 0.1 Clem or less; 

so heat treating a silicon substrate on which the 

thin film of monocrystal silicon Is formed at 1 100*^0 
or higher for 30 min or longer within a reducing 
atmosphere; 

attaching the heat treated silicon substrate to 

55 the high-concentration P-type support substrate via 
the oxide film formed on a surface of any one of the 
support substrate and the P-type silicon substrate 
and heat treating the attached substrates at SSO^'C 
or higher for 10 min or longer to bond the attached 
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substrates together; and 

thinning the bonded silicon substrate. 

The method oi manufacturing a semiconductor sub- 
strate of claim 3, which further comprises the step 
of forming the oxide film with a thickness from 1 0 nm 
or more to 5 ^m or less on the support substrate or 
the silicon substrate. 
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